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COMMENTARY Open Access
Thwarting science by protecting the received
wisdom on tobacco addiction from the
scientific method
Joseph R DiFranza
Abstract
In their commentary, Dar and Frenk call into question the validity of all published data that describe the onset of
nicotine addiction. They argue that the data that describe the early onset of nicotine addiction is so different from
the conventional wisdom that it is irrelevant. In this rebuttal, the author argues that the conventional wisdom can-
not withstand an application of the scientific method that requires that theories be tested and discarded when
they are contradicted by data. The author examines the origins of the threshold theory that has represented the
conventional wisdom concerning the onset of nicotine addiction for 4 decades. The major tenets of the threshold
theory are presented as hypotheses followed by an examination of the relevant literature. Every tenet of the
threshold theory is contradicted by all available relevant data and yet it remains the conventional wisdom. The
author provides an evidence-based account of the natural history of nicotine addiction, including its onset and
development as revealed by case histories, focus groups, and surveys involving tens of thousands of smokers.
These peer-reviewed and replicated studies are the work of independent researchers from around the world using
a variety of measures, and they provide a consistent and coherent clinical picture. The author argues that the
scientific method demands that the fanciful conventional wisdom be discarded and replaced with the evidence-
based description of nicotine addiction that is backed by data. The author charges that in their attempt to defend
the conventional wisdom in the face of overwhelming data to the contrary, Dar and Frenk attempt to destroy the
credibility of all who have produced these data. Dar and Frenk accuse other researchers of committing
methodological errors and showing bias in the analysis of data when in fact Dar and Frenk commit several errors
and reveal their bias by using a few outlying data points to misrepresent an entire body of research, and by
grossly and consistently mischaracterizing the claims of those whose research they attack.
In their editorial, Dar and Frenk attempt to defend cher-
ished theories on nicotine addiction from encroaching
reality [1]. They challenge the validity of a rapidly grow-
ing body of evidence-based clinical data because those
data disprove many baseless assumptions that have long
been accepted as truths by tobacco researchers. This
rebuttal will begin by examining the origins and scienti-
fic validity of the theoretical model of tobacco addiction
that is reflected in the Diagnostic and Statistical Manual
(DSM) [2-4]. This hypothetical model of tobacco addic-
tion will then be contrasted with the real thing as estab-
lished by replicated, peer-reviewed, clinical studies
involving tens of thousands of smokers. A point by
point rebuttal to some of the many factual errors, misre-
presentations and untenable assertions made in the Dar
and Frenk editorial will follow. The objective of this
essay is to help readers distinguish between fact and fic-
tion in the literature on tobacco addiction.
The origins of the received wisdom
The pioneers of tobacco research in the 1960’s and 70’s
could not know how tobacco addiction developed
because the first study describing the development of
tobacco addiction was published in the year 2000 [5].
However, they did recognize that heavy daily smokers
were addicted to tobacco. Starting in the early 1970’s a
series of articles in prominent medical journals equated
tobacco addiction with heavy daily smoking [6-9]. By
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today’s standards, these articles are notable for their
many pages of detailed assertions regarding the nature
of tobacco addiction which are unsupported by a single
reference. These speculations formed the foundation for
what would become the accepted wisdom among
tobacco researchers for the next 4 decades: the thresh-
old model.
In brief, the threshold model maintains that until
tobacco consumption is maintained above a threshold of
5-10 cigarettes per day (cpd) for a prolonged period, smo-
kers are free of all symptoms of tobacco addiction. It holds
that declining blood nicotine levels trigger withdrawal
symptoms so quickly that addicted smokers must protect
their nicotine levels by smoking at least 5 cpd. The thresh-
old model states that until addiction is established with
moderate daily smoking, smoking is motivated and main-
tained by peer pressure, pleasure seeking and the social
rewards of smoking. Under the threshold model, escalating
consumption over many years is driven by increasing tol-
erance to the pleasurable effects of nicotine.
The DSM does not reference the threshold model, but
restates many of its speculations as fact. For example,
for the past 30 years the DSM has represented that
moderate daily smoking is a prerequisite for addiction
[2-4]. DSM-III asserts that tobacco withdrawal symp-
toms can be diagnosed only in individuals who use
“tobacco for at least several weeks at a level equivalent
to more than ten cigarettes per day.”[2] DSM-IV states
that “daily use of nicotine for at least several weeks” is
required for nicotine withdrawal. The DSM provides no
references to support any of these statements.
The DSM’s assertion that moderate daily smoking is a
prerequisite for nicotine dependence was reinforced by a
series of studies on “chippers,” atypical individuals who
smoke fewer than 5 cpd over many years and who were
reported to have no symptoms of addiction [10-13]. The
assertion that adult chippers had no symptoms of addic-
tion was generalized to indicate that all light smokers
are free of addiction. This idea is reflected in a proposal
that cigarettes could be rendered non-addictive by redu-
cing nicotine levels in cigarettes to such a degree that
smokers would not be able to obtain as much nicotine
in one day as they would obtain from smoking 5 normal
cigarettes [14]. Given the short half life of nicotine,[15]
the idea that smokers must maintain a threshold blood
level of nicotine to avoid withdrawal symptoms implies
that withdrawal symptoms have a very rapid onset. (If
withdrawal symptoms were delayed by a day or two,
smokers would not feel compelled to smoke every day.)
The presumption of a rapid onset for withdrawal is
reflected in DSM-III and DSM-III-R which indicate that
withdrawal “symptoms begin within 24 hours of cessa-
tion or reduction in nicotine use,” but again, no refer-
ence is provided [2,3].
The scientific method demands that theories such as
the threshold model be tested and rejected if they are
not supported by the data. The main tenets of the
threshold model can be stated as testable hypotheses.
Hypothesis 1. Tobacco addiction cannot occur in nondaily
smokers, or even in daily smokers who regularly consume
fewer than 5 cpd [2]
Although it is difficult to prove a negative, this hypoth-
esis would be supported if study after study demon-
strated that all surveyed subthreshold smokers
(individuals who smoke < 5 cpd) have no symptoms of
addiction. In fact, evidence of tobacco addiction among
subthreshold smokers has been reported in every study
that has examined the issue [12,16-32]. Even in the lar-
gest chipper study, chippers’ ratings of their addiction to
tobacco averaged 2.7 on a scale from 1 to 5, 48%
reported it would be difficult to go without smoking for
a week, 65% experienced craving during withdrawal, and
smaller proportions experienced the withdrawal symp-
toms of irritability, nervousness, tension, restlessness
and disrupted concentration [12]. Since no studies have
demonstrated a complete lack of addiction symptoms in
any representative population of subthreshold smokers,
the peer reviewed literature soundly refutes the hypoth-
esis that tobacco addiction requires as a prerequisite the
daily consumption of 5-10 cigarettes. The threshold
model and the DSM are wrong.
Hypothesis 2. Tobacco addiction requires prolonged daily
use as a prerequisite [4]
This hypothesis has been tested by following novice
adolescent smokers prospectively to determine if they
remain free of addiction symptoms until they have been
smoking daily for a prolonged time. The first prospec-
tive study of the onset of tobacco addiction reported
that two-thirds of the individuals that developed symp-
toms of addiction did so without smoking daily [5,24].
Many subjects developed symptoms quite soon after the
onset of intermittent tobacco use. These findings have
been replicated in several longitudinal studies,
[24-26,28,29] in cross-sectional studies showing symp-
toms of addiction in nondaily smokers,[23,27,33,34] and
by case histories showing the same [35]. As there are no
studies documenting the absence of tobacco addiction
in all nondaily smokers, the peer reviewed literature
strongly refutes the hypothesis that daily smoking is a
prerequisite for tobacco addiction. The threshold model
and the DSM are wrong.
Hypothesis 3. Nicotine withdrawal symptoms begin
within 24 hours in all smokers [2,3]
The standard subject in all early smoking studies was an
adult who had been a heavy daily smoker for decades.
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Such individuals do experience nicotine withdrawal soon
after their last cigarette [36]. A problem arises when this
observation is inappropriately generalized by applying it to
all smokers, including children, novices and nondaily smo-
kers. This hypothesis would be supported by a study that
demonstrates that all smokers in a broadly representative
population either experience withdrawal within 24 hours
or not at all. I am aware of only 4 surveys in which unse-
lected populations of smokers were asked to report how
long it takes for withdrawal symptoms to appear. The data
from all 4 surveys and a case series indicate that withdra-
wal symptoms take much longer than 24 hours to appear
in nondaily smokers [35,37-39]. As no study has demon-
strated an absence of delayed withdrawal symptoms in
nondaily smokers, the available peer reviewed literature
consistently refutes the hypothesis that nicotine withdra-
wal always begins within 24 hours in all smokers. The
threshold model and the DSM are wrong.
Hypothesis 4. Addicted smokers must maintain nicotine
above a threshold blood concentration to avoid
withdrawal
Heavy smokers smoke in a way that suggests that they
are trying to maintain nicotine above a minimal thresh-
old blood concentration [40] (but addicted nondaily smo-
kers do not). Although a threshold blood nicotine
concentration appears to be the central premise of the
theoretical model that has dominated the field for 40
years, no study has directly tested this hypothesis by mea-
suring withdrawal and nicotine levels while smokers
smoke ad lib to determine if they in fact defend a thresh-
old level of nicotine in the blood in response to withdra-
wal symptoms. Two small studies that measured craving
and nicotine levels simultaneously in heavy daily smokers
did not report evidence of a threshold level [41,42].
Since a person must smoke at least 5 cpd to maintain
a minimum nicotine level throughout the day,[14]
another approach to testing this hypothesis would be to
determine if all smokers that experience withdrawal
symptoms smoke at least 5 cpd. This test has been com-
pleted over a dozen times, and always with the same
result. Withdrawal symptoms have been reported in
smokers of fewer than 5 cpd in every study that has
examined this issue [16-30]. As no study has demon-
strated a threshold, and every relevant study in the lit-
erature indicates that many smokers who experience
withdrawal make no attempt to smoke 5 cpd, the central
premise of the threshold model is wrong.
Hypothesis 5. Psychosocial factors maintain smoking over
the several years it may take to reach threshold levels of
smoking
There must be thousands of studies that demonstrate
that social factors such as socioeconomic status,
smoking by family and friends, cigarette advertising, the
availability of cigarettes, smoking depictions in movies,
and attitudes and beliefs are predictive of which youth
will try smoking [43-46]. However, if such factors sus-
tain tobacco use until tobacco addiction develops, they
should predict which smokers will advance to addiction
in prospective studies. But this has not been shown.
None of more than 40 psychosocial risk factors for the
onset of smoking was able to predict the progression to
tobacco addiction [47]. The author is aware of no stu-
dies that establish that peer pressure of other social fac-
tors sustain adolescent or young adult smoking over the
4 or 5 years it may take for smokers to reach threshold
levels of smoking.
Hypothesis 6. Increasing tolerance to the pleasurable
effects of smoking drives the escalation in tobacco use
up to the threshold of addiction
The author is not aware of any studies that demonstrate
that smokers must smoke more cigarettes over time to
obtain the same amount of pleasure (for example smok-
ing 10 cpd to obtain the same pleasure initially obtained
from smoking 1 cpd. Indeed, our data indicate that the
pleasure obtained from smoking each cigarette actually
increases in proportion to the degree of addiction, with
pleasure ratings correlating strongly with addiction
severity [39]. While this is only one study, it directly
contradicts the hypothesis that non-addicted novice
smokers obtain much more pleasure from each cigarette
than do addicted heavy smokers.
To summarize to this point, all of the hypotheses that
are central to the threshold theory have either been
soundly refuted or are directly contradicted by a pre-
ponderance of peer-reviewed research. The scientific
method demands that these hypotheses be rejected, and
yet the threshold theory remains the predominant the-
ory accepted by tobacco researchers. This raises ques-
tions regarding why the field would accept the threshold
model as an unassailable truth for 4 decades without
ever testing its central premises?
Validity issues with the DSM
As demonstrated by the quotations above, the DSM
represents as fact a number of the hypotheses that
together make up the threshold model. The DSM has
asserted that daily smoking is a prerequisite for addic-
tion, that consumption at a level of 10 cpd is required
for withdrawal, and that withdrawal must start within
24 hours. It is not surprising that none of these asser-
tions are supported by references in the DSM, as there
does not appear to be a single published study that sup-
ports any of these hypotheses. In fact, each of these
statements is contradicted by every relevant published
study. The appearance of factual errors in the DSM
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reveals that it is not an entirely evidence-based docu-
ment. The DSM criteria themselves represent a theory,
it is the theory that the 7 criteria accurately describe
tobacco addiction and that the presence of 3 of the 7
criteria provides a sensitive and specific diagnostic test
for tobacco addiction. What large body of peer reviewed
data established the validity of the DSM criteria?
Recently the author had the honor of leading an inter-
national team of 14 doctorate-level researchers from a
variety of disciplines in an evaluation of the validity of
the DSM and International Classification of Diseases
(ICD) tobacco addiction diagnostic criteria [48,49].
Applying contemporary standards of scientific rigor, this
team critically examined every relevant English language
publication from the past 30 years. A defining feature of
both the DSM and ICD criteria is that they set a severity
threshold for the diagnosis of addiction. Under either
paradigm, smokers must have at least 3 diagnostic cri-
teria to earn a diagnosis. Our search failed to locate a
single study that established the validity of either the
DSM or ICD threshold [48,49]. Only 3 studies could
address the validity of a diagnostic threshold and none
found any evidence that a threshold exists [50-52]. The
historical record indicated that the decision to use a 3-
symptom threshold was not evidence-based: “the [DSM-
IV] work group increased the requirement for dependence
to a minimum of four from three criteria and decreased it
to two; these changes greatly increased and reduced the
proportion of users with reported problems who met cri-
teria for dependenceâ€¦ After consideration, three contin-
ued to be judged as the most appropriate for meeting
dependence.”[53] This record indicates that the 3-criteria
threshold was not set by comparing the diagnostic criteria
to a real measure of tobacco addiction in a clinical popula-
tion. Rather, the committee decided what proportion of
smokers they would want to label as addicted, and like
Goldilocks, they tried different thresholds until they found
the one that was just right.
The historical record indicates that at the time of their
initial publication, neither the DSM nor the ICD criteria
were based on any identifiable body of smoking research
other than a few studies relating to the single criterion
for withdrawal. After a thorough consideration of both
sets of criteria in relation to contemporary psychometric
standards, the consensus was that neither set of diagnos-
tic criteria had been validated prior to its publication,
nor at anytime during the intervening 30 years [48,49].
The DSM and ICD diagnostic criteria rested solely on
the credibility of the issuing organization as there is not
a single study that demonstrates that either set of cri-
teria represents a sensitive and specific diagnostic tool.
The DSM and ICD criteria represent unproven hypoth-
eses that these criteria accurately diagnose tobacco
addiction.
Who gets to define addiction?
What few people realize is that the DSM and ICD repre-
sent suggested nomenclatures, a set of definitions
intended to foster clearer communication among
researchers and practitioners. The criteria encourage a
common usage of language but the definitions do not
reflect the outcome of scientific studies that establish the
true nature of tobacco addiction. They are not a distilla-
tion of all human knowledge regarding tobacco addiction;
they represent a gentlemen’s agreement on vocabulary.
Some researchers accept that tobacco addiction is
whatever the American Psychiatric Association or the
World Health Organization say it is, but that is not how
the scientific method works. The DSM and ICD cannot
“define” the characteristics of tobacco addiction; nature
defines the characteristics of tobacco addiction. At best,
mankind can accurately describe what nature produces.
The burden of proof for the DSM and ICD is to show
that they accurately reflect the characteristics of tobacco
addiction as revealed by clinical studies of real smokers.
This they have failed to do [48,49]. Dependence as
defined by DSM has little resemblance to what smokers
identify as addiction. DSM-III dependence shows a poor
correlation (r = .30) with self-assessed addiction and
DSM-IV does not do much better (r = .48) [54]. On
general principles Dar and Frenk dismiss outright the
idea that smokers can assess their own symptoms, and
yet self-rated addiction shows an excellent correlation
with self-rated difficulty quitting (r = .89), and correlates
better with all other indicators of dependence than does
the DSM [54]. The hypothetical construct that is mea-
sured by DSM appears to have little in common with
what smokers experience as addiction. The DSM fails
this test of construct validity.
Neither the DSM nor the ICD describes or explains
the clinical course of tobacco addiction, i.e., the manner
in which symptoms evolve over time. The most clini-
cally relevant feature of tobacco addiction is that smo-
kers fail in their attempts to quit smoking. DSM
dependence has no apparent relevance to this aspect of
tobacco addiction. About 90% of smokers relapse when
they make an unassisted attempt to quit,[55] yet the
DSM diagnoses only about half of smokers to be depen-
dent [56]. In one study, one-third of current smokers
who had failed to quit in 6 or more attempts were not
dependent according to DSM-IV [57]. It has not been
shown that the DSM and ICD diagnostic criteria provide
a valid and accurate description of tobacco addiction as
experienced by smokers [48,49].
An evidence-based clinical description of the
natural history of tobacco addiction
When I designed the first prospective study to investi-
gate the early development of tobacco addiction, I was
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faced with a dilemma over how to measure it. I didn’t
want to repeat the mistakes of DSM and ICD by pre-
suming that I could define what is and is not addiction.
To smokers, the defining characteristic of addiction is
that they find it difficult to stop. So I created an instru-
ment that asked smokers about a variety of symptoms
that would make quitting more difficult or unpleasant,
such as craving, feeling addicted and experiencing with-
drawal symptoms. Failed quit attempts are an obvious
indication that a smoker is experiencing difficulty with
quitting. Since anonymous peer reviewers would not
allow me to use the words “tobacco dependence” in a
manner that contradicted the DSM,[58] I coined a new
term, the loss of autonomy, to describe these symptoms.
The instrument that was used in this study was later
refined through psychometric evaluations to become the
10-item Hooked on Nicotine Checklist (HONC) [59].
The HONC is the most thoroughly validated measure of
tobacco addiction, and is in use on 5 continents in 18
languages [30,59-66]. The development of a sensitive,
validated measure of salient individual symptoms
enabled researchers to study the clinical course of
tobacco addiction without making a predetermination of
what constitutes a diagnosis of tobacco addiction.
As presaged by the forgoing discussion, the clinical
course of tobacco addiction is the opposite of what is
described by the threshold theory in virtually every
aspect. Every prospective study of the onset of tobacco
addiction indicates that symptoms of addiction begin to
appear soon after the first cigarette in the most suscepti-
ble smokers [5,24-26,28,29]. Symptoms of addiction
develop quickly during intermittent smoking, increasing
from a prevalence of 25% among those who have
smoked only 1 or 2 cigarettes to about 95% among
those who have smoked 100 or more cigarettes [33].
The findings from the longitudinal studies are backed
by data from large national cross-sectional studies
[23,27,33,34]. One such study involved 3 consecutive,
representative national surveys in New Zealand invol-
ving some 30,000 adolescent smokers [33]. In each con-
secutive survey, approximately 25% of youth who had
just smoked their first cigarette reported symptoms of
tobacco addiction, most commonly craving. Symptoms
of tobacco addiction, including failed quit attempts,
have been reported by nondaily smokers and daily smo-
kers of fewer than 5 cpd in every relevant study [16-32].
Dar and Frenk assert that our conclusion that addic-
tion begins during intermittent smoking depends on an
untenable and idiosyncratic definition of tobacco addic-
tion. Whether or not you call it a loss of autonomy,
failed quit attempts and nicotine withdrawal symptoms
are signs of addiction. There is nothing idiosyncratic
about that. The onset of addiction prior to the onset of
daily smoking has also been documented using the
DSM and ICD as outcome measures (but this requires
one to ignore the DSM’s erroneous statements regarding
daily smoking being a prerequisite for addiction and
withdrawal) [25,26]. So, by any measure, tobacco addic-
tion is present in nondaily smokers.
In order to dissuade youth from experimenting with
smoking, I have emphasized that symptoms of addiction
can appear as early as following the first cigarette in the
most susceptible individuals [67,68]. One might reason-
ably question, as Dar and Frenk do, whether these very
early symptoms are clinically important. The clinical
importance of these early symptoms is well established.
In one 3-year prospective study, youth who reported at
least one symptom of lost autonomy were 44-fold more
likely to be current smokers at the end of follow-up
[24]. In another, youth who reported at least one symp-
tom were 196-fold more likely to progress to daily
smoking [25]. Thus, symptom reports after smoking a
single cigarette are powerful predictors of the clinical
course of the disease. If, as Dar and Frenk allege, symp-
tom self-reports were unreliable, they would not predict
future events with odds ratios of 196.
Contrary to the hypothesis that psychosocial factors
are the primary motivator of smoking for the first sev-
eral years, the predictive power of these early symptom
reports exceeds that of any psychosocial risk factors by
orders of magnitude [47]. The mean smoking frequency
at the first appearance of symptoms of lost autonomy is
2 cigarettes per week,[24,25] and smoking at this level
at the age of 12 increases the chances of progressing to
heavy smoking as an adult 12 years later with an odds
ratio of 174 [69]. Any arguments that Dar and Frenk
make about theoretical reasons why people cannot be
trusted to evaluate their own symptoms are meaningless
in the face of empirical data such as these.
There is a physiological explanation for why symp-
toms that appear after smoking a few cigarettes are
excellent predictors of the course of the illness. In every
relevant study, subthreshold smokers have reported
nicotine withdrawal symptoms,[16-32] and in every rele-
vant study, subthreshold smokers report that the onset
of nicotine withdrawal can be long delayed after the last
cigarette [35,37-39]. (Anyone who doubts that withdra-
wal can be delayed by several days, need talk to no
more than 2 or 3 “social smokers” to find one who has
withdrawal symptoms if they go too many days without
smoking.) It is not uncommon for novice smokers to
report that they do not experience craving for a cigar-
ette until a few weeks after their last smoke [35,37-39].
Smokers’ reports of their latency to the onset of with-
drawal are valid and reliable [39].
The latency to the onset of withdrawal places an out-
side limit on how far apart smokers can comfortably
space their cigarettes. Over time, as tolerance develops,
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the duration of relief from withdrawal that is afforded
by smoking a cigarette shortens [39]. As the latency
shortens, smokers feel compelled to smoke at more fre-
quent intervals. The progressively shortening latency to
withdrawal explains the smooth trajectory in escalating
smoking frequency that has been observed in every
longitudinal study [70,71]. The reason why early symp-
toms are capable of predicting future smoking behavior
with odds ratios close to 200 [25] is that the addiction is
already established when the first symptoms appear. The
progressive shortening of the latency to withdrawal
makes the escalation of smoking inevitable unless cessa-
tion is accomplished.
The shrinking latency to withdrawal explains the esca-
lation from intermittent smoking to daily smoking. It
explains the smooth escalation from smoking one cigar-
ette per day to smoking two packs per day. As the
latency to withdrawal shrinks to less than the duration
of sleep, it explains why addicted smokers feel com-
pelled to smoke as soon as they get out of bed in the
morning. The latency to withdrawal shrinks to different
degrees and at different rates in different smokers and
this explains why some addicted smokers experience
withdrawal within 20 minutes of their last cigarette
while others can go several hours despite the fact that
nicotine metabolism differs little between smokers.
A contemporary study of chippers found that every chip-
per had symptoms of addiction [30]. In chippers, the
latency to withdrawal only shortens to a certain extent,
allowing them to maintain a relatively low frequency of
smoking despite the fact that they experience the same
symptoms of addiction as typical smokers [30]. The
latency to withdrawal explains why smokers smoke an
extra cigarette before entering a venue where they will
not be allowed to smoke. Smoking a preemptory cigarette
resets the timer on their latency to withdrawal. All of this
we know, not from hypothetical models of addiction, but
by histories provided by real smokers [35].
Empirical data establish that the threshold theory does
not explain a single thing about the behavior of smo-
kers. Empirical data establish that the early development
of withdrawal symptoms followed by a shortening of the
latency to withdrawal explains a great deal about smo-
kers’ daily behaviors from the first cigarette to heavy
adult smoking. Dar and Frenk argue that this entire
description of the characteristics of tobacco addiction
based on studies of tens of thousands of smokers should
be ignored by tobacco researchers because it contradicts
the DSM.
Rebuttal
The editorial by Dar and Frenk represents another
installment in a series of papers published by Dar in
which he attacks the work of other researchers [72-76].
This time Dar and Frenk attempt to discredit the entire
body of peer reviewed research that proves that addic-
tion begins quickly. Their debate strategy is to rhetori-
cally link all the relevant research together so that an
attack on the weakest link will serve to discredit every
other study through guilt by association. They do this
by repeatedly referring to a “hooked on nicotine
research program” which does not exist, and then accus-
ing selected researchers of bias and methodological
errors. The research that establishes that symptoms of
addiction appear quickly comes from many independent
research groups. There is no coordinated “hooked on
nicotine research program.” Identifying an imaginary
flaw in one study does not prove that every other peer
reviewed study in the literature is likewise flawed.
Dar and Frenk argue that the loss of autonomy is so
different from the DSM that it is irrelevant to tobacco
researchers. By using measures of lost autonomy with
real smokers, researchers have been able to develop the
first evidence-based description of the characteristics of
tobacco addiction as outlined above. It is through the
lens of the loss of autonomy that the clinical course of
tobacco addiction has been revealed. It is the DSM and
ICD that have no demonstrated relevance to the impor-
tant clinical features of tobacco addiction [48,49].
Dar and Frenk argue that the diagnosis of tobacco
addiction should be delayed until 3 DSM criteria are
present so that a diagnosis will be more meaningful.
They also argue that, in their opinion, researchers were
too liberal regarding what is required to meet the ICD
standards. Good medical practice strives to diagnose dis-
eases as early as possible to be able to arrest the disease
progression. With the HONC, we can now identify
tobacco addiction very early in its course. When one
can use the HONC to identify novice smokers who are
200 times more likely to advance to daily smoking and
perhaps 174 times more likely to advance to heavy
smoking in adulthood, what is the clinical advantage of
delaying a diagnosis by relying on the DSM? This makes
as much sense as delaying the treatment of cancer.
As a physician, I expect every medication I prescribe
to start to work with the first dose. I don’t understand
why Dar and Frenk find it impossible to imagine that
nicotine might also start to work with the first dose.
I know of no plausible physiological mechanism that
would explain why the addictive effect of nicotine would
start only after many thousands of doses. What other
drug works in this way?
Dar and Frenk argue that difficulty in quitting cannot
be used to diagnose tobacco addiction because people
also find it difficult to change non-addictive behaviors.
They make the common mistake of arguing that a non-
specific symptom cannot be used to diagnose a disease.
The DSM made the same mistake when it eliminated
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craving as a nicotine withdrawal symptom [4]. The fact
that a disease symptom can occur in other settings does
not mean it cannot be used to make a diagnosis. Fever
is used to diagnose malaria even though an elevated
temperature can also be caused by exertion in hot
weather. Uterine contractions are used to diagnose labor
even though they also occur during normal menstrua-
tion. Since very few diseases cause pathognomonic
symptoms that appear in no other setting, physicians
such as myself must diagnose diseases by evaluating
symptoms that are not specific to any one disease.
Another rhetorical device used by Dar and Frenk is
misrepresentation and exaggeration. They represent to
readers that the idea that addiction starts among never
smokers or after one puff is the “principal claim of this
research program” when in fact these statements have
never appeared in any publication. (If anything, the fact
that withdrawal is present in nondaily smokers and that
the latency to withdrawal onset shortens over time is
the most important discovery.) Dar and Frenk focus on
a single study in which 10-year-old children were asked
to complete a written survey which included the terms
‘mental addiction’ and ‘physical addiction’ [77]. Fewer
than 2 percent of 1488 ten-year-olds who claimed to
have never smoked reported mental or physical addic-
tion to tobacco. The authors of this study pointed out
many methodological limitations and were very careful
not to assert that youth who had never smoked were
addicted to tobacco. Yet according to Dar and Frenk
this is the principal claim of not only this study, but all
researchers in the field: “as shown above, the “hooked
on nicotine” program holds that adolescents can lose
autonomy over smoking after smoking a single puff in
their lifetime and even when they have only been
exposed to secondhand smoke. This leads to the para-
doxical conclusion that one can lose autonomy over a
behavior (in this case, smoking) that has never been per-
formed.”[1] The study in question (1) did not use the
Hooked on Nicotine Checklist, (2) never mentioned a
loss of autonomy, (3) did not claim that 10-year-olds are
adolescents, and (4) never claimed that children who
never smoked were addicted to smoking. This is a mis-
characterization on the part of Dar and Frenk who
exploit these misrepresentations to call into question
the validity of all research conducted under the umbrella
of the nonexistent “hooked on nicotine program.”
First off, the validity and reliability of other measures
such as the HONC (which does not include the terms
‘mental addiction’ and ‘physical addiction’) is well estab-
lished [30,59-66]. Obviously, any problems with the
terms mental addiction and physical addiction has no
relevance to published studies that do not include these
items. Second, even if these particular terms were to be
found to be unreliable, this has no bearing on the
literature that establishes early addiction; only one study
included these terms, and only as a tertiary indicator
after the HONC and the ICD. Third, these data do not
indicate that nonsmokers experience the same symp-
toms as early smokers. More likely explanations are that
2% of ten-year-olds either cannot read or understand
the terms mental addiction and physical addiction, or
the children lied about being nonsmokers. So, based on
the outlying responses of a few ten-year-olds, Dar and
Frenk argue that the data from every other study on
early addiction cannot be trusted, including dozens of
other studies conducted by independent researchers
using unrelated, validated measures.
Focusing on outlying responses from 40 subjects in a
survey of over 96,000 students, Dar and Frenk assert
that youth who smoked one cigarette “and never
smoked again” say that they can’t quit. They argue that
this is illogical and calls into question the validity of the
data from the other 25,000 smokers in the study [33].
Since the study in question, the New Zealand annual
Year-10 national smoking survey, is cross-sectional, it is
unclear how Dar and Frenk determined that youth who
had only smoked one cigarette prior to the survey
“never smoked again.” In a survey involving 96,000 ado-
lescents, some subjects will complete the survey in the
days immediately following their first cigarette. An inter-
pretation of these data that is consistent with other stu-
dies, and that does not defy logic, is that these youth
had smoked one cigarette and already felt that they
needed another. The data from the longitudinal studies
indicate that even one such symptom reported early on
increases the likelihood of progressing to daily smoking
with an odds ratio of 196 [25]. Given these data, sub-
jects’ assessments that quitting would be difficult are
probably very accurate.
Dar and Frenk accuse Canadian researchers of bias in
their scoring of Pierce’s validated measure of susceptibil-
ity [77]. Concerning responses to 3 items such as “at any
time during the next year do you think you will smoke a
cigarette?” the researchers included the response “prob-
ably not” with the responses “probably yes” and “defi-
nitely yes.” Dar and Frenk assert that this is evidence of
bias, and on that basis call into question the integrity of
the entire fictional “hooked on nicotine program.” These
critics would have been well served to check their facts
first. The scoring method that Dar and Frenk cite as evi-
dence of intentional bias is actually the official scoring
method that has been used for this popular validated
measure since it was published in 1996 [78]. Anyone
who had worked in the field of adolescent smoking
research would know that.
Dar and Frenk also accuse the same Canadian
researchers of a methodological error in identifying
youths who have never smoked as being susceptible to
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initiating smoking. They argue that only youth who have
tried smoking are susceptible. Any student of epidemiol-
ogy knows that only individuals who do not have the
disease are considered susceptible, once a person has a
disease, they become a case and are removed from the
pool of susceptible individuals. The Canadians’ usage of
the term susceptibility is consistent with its usage in epi-
demiology and in tobacco research [78]. These factual
errors suggest that Dar and Frenk lack the expertise in
smoking research to critically comment on this body of
work.
An unfathomable assertion by Dar and Frenk is that
people who smoke less than once per month cannot be
said to have stopped smoking because “these responders
were in a virtually permanent state of stopping.”[1] This
puzzling statement appears to reflect the erroneous
assumption that intermittent smoking is without an
effect on adolescents and therefore smoking less than
once per month is functionally equivalent to not smok-
ing at all. Smoking less than once a month is not per-
manently stopping, it is the typical pattern of smoking
initiation and intermittent smoking predicts an escala-
tion to addiction [79,80].
Dar and Frenk point out that our diagnosis of ICD
dependence as early as 13 days after the onset of smok-
ing is inconsistent with the ICD stipulation that symp-
toms be present for a month. While technically true, the
time duration and clustering stipulations in ICD and
DSM have never been validated, and have been uni-
formly ignored by researchers for decades because they
are too cumbersome to implement in a survey [48,49].
Are Dar and Frenk arguing that our conclusion that
dependence begins quickly is wrong because we should
have marked the onset of ICD dependence at 30 days
for this subject?
Dar and Frenk fault one study purely on the basis that
the results contradict their own preconceived notions:
“how could other symptoms required to make the diag-
nosis (e.g., withdrawal, tolerance, preoccupation with the
substance, continued use despite harmful effects)
develop in such a brief period?”[1] The fact that the
data contradict their preconceived notions does not
represent a methodological flaw in the study.
Dar and Frenk argue that “the suggestion that nicotine
dependence can be reduced to craving is contradicted by
converging lines of empirical evidence. First, craving is
not specific to drugs. As smoking combines (and there-
fore confounds) an appetitive behavioral habit and a
drug, craving for smoking cannot be equated with crav-
ing for nicotineâ€¦. The fact that craving varies in inten-
sity when smokers are in different situations are (sic)
inconsistent with the suggestion that tobacco addiction
could be reduced to craving to smoke.” This is a mis-
characterization of my proposal [81]. I have proposed
that the diagnosis of tobacco addiction can be based on
recognition of nicotine withdrawal symptoms since
these are pathognomonic to tobacco addiction, i.e., no
other medical or psychiatric condition causes these
symptoms. In medical practice the presence of a pathog-
nomonic symptom is by definition sufficient to establish
a diagnosis. Since craving for nicotine is a characteristic
symptom of nicotine withdrawal, craving attributable to
withdrawal can also be used to diagnose tobacco addic-
tion. My group has conducted over 20,000 interviews
about smoking,[24,25] and there is no doubt that smo-
kers know when they are experiencing withdrawal crav-
ing. While smoking behavior encompasses much more
than a physical addiction to nicotine, identifying a physi-
cal addiction to nicotine is sufficient to identify a person
with tobacco addiction. Observing that one characteris-
tic symptom is all that is needed to recognize tobacco
addiction is not equivalent to saying that “tobacco
addiction could be reduced to craving.”
Dar and Frenk state “As nicotine addiction is a widely
accepted theory for why people smoke, responders
would be likely to perceive themselves as addicted to
nicotine and to attribute “symptoms” such as lack of
concentration and irritability to nicotine withdrawal,
especially if this particular attribution is suggested by
the survey items.”[1] Consistent with all the arguments
in their essay, the authors present no data to support
this speculation. Why would youth expect to become
addicted after smoking a few cigarettes when, in the
world according to Dar, prolonged daily use is a prere-
quisite to addiction? In the real world, adolescent smo-
kers have very little expectation that they will become
addicted, and we have shown that expectations cannot
account for smokers’ reports of addiction symptoms
[82]. If adolescent smokers’ symptoms were imaginary,
measures such as the HONC would not have consis-
tently excellent psychometric properties including pre-
dictive validity in study after study [30,59-66].
Dar and Frenk argue that smokers cannot be trusted
to know what symptoms they experience during nico-
tine withdrawal: “none of the articles we reviewed
acknowledged the difficulty inherent in taking partici-
pants’ causal attributions at face value.”[1] Addicted
smokers experience the same withdrawal symptoms
every time they go too long without smoking. They can
attribute their symptoms to withdrawal because those
symptoms disappear immediately every time they smoke
a cigarette. To argue that smokers cannot attribute their
own symptoms to withdrawal is analogous to arguing
that women cannot be trusted to determine if their
labor contractions are painful.
Dar and Frenk opine: “When asked what exactly it
was they were addicted to, participants readily
answered that it is the nicotine in cigarettes. Clearly,
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the responders had no way of knowing this for a fact
and their ready answer only proves that they believed
that smoking was driven by nicotine.”[1] It wasn’t the
taste, or the handling of the cigarette, or the image of
smoking they were addicted to, they said it was the
nicotine. If alcoholics were asked “what is it about beer
that you are addicted to” we would accept an answer
of “the alcohol” without requiring that the subject hold
a degree in psychopharmacology.
Dar and Frenk argue “Moreover, a consequence of
reducing nicotine dependence to subjective craving to
smoke is that the results of the “hooked on nicotine”
research program cannot be compared to results of stu-
dies that use the conventional, DSM or ICD conceptua-
lization of nicotine dependence. In other words, this
conception of addiction is so removed from the rest of
the field’s as to render the “hooked on nicotine”
research program practically incommensurable with
other relevant research.”[1] First, my proposal for a new
approach to diagnosis is grossly oversimplified and mis-
characterized by equating it with “subjective crav-
ing.”[81] Second, this new approach to diagnosis was
not used in any study concerning the early onset of
addiction, so it is illogical to argue that it renders all
previous work on early onset irrelevant to tobacco
researchers. Third, Dar and Frenk seem to be arguing
here that research that contradicts the conventional wis-
dom as embodied in the DSM or the ICD is irrelevant
and should be ignored by the rest of the field. This
might explain why so many scientifically indefensible
hypotheses remain so popular.
Dar and Frenk start with the assumption that the
hypothetical conceptualization of tobacco addiction pre-
sented by the DSM and ICD is the correct one. They
then argue that data that contradict the DSM are so far
removed from the DSM that they are irrelevant. Rather
than rejecting a conceptualization of tobacco addiction
when it is contradicted by all available data, Dar and
Frenk recommend that data that contradict one’s theory
should be declared irrelevant.
The research investigating the onset of addiction
employs traditional clinical research methods. People
who have the disease are interviewed to ascertain the
symptoms of the disease and the clinical course of the
illness. By studying many individual cases and confirm-
ing their reports with data from large national surveys,
the manner in which tobacco addiction develops has
been very well established over the past 15 years. The
publication of the first reports of early addiction in 2000
contradicting the threshold theory provided the field of
tobacco research with an opportunity. Researchers could
jump on this data as a clue toward making new discov-
eries, or they could ignore it. A handful of researchers
have pursued this lead and as a result we now have an
evidence-based description of tobacco addiction. How-
ever, many workers in this field have actively searched
for excuses to dismiss or ignore the data, such as by
embracing definitions of tobacco addiction that define
away the possibility of early diagnosis. As a practicing
physician, I can identify the typical symptoms and
course of each new seasonal flu two weeks into the flu
season. It is an unfortunate testimony to the state of
tobacco research that the typical symptoms and course
of tobacco addiction are still considered controversial 10
years after they were first described [5].
Conclusion
For 4 decades, the threshold theory has dominated the
field of tobacco research. The central tenet of this
model is that prolonged moderate daily smoking is
required to trigger the onset of tobacco addiction. An
examination of the historical record indicates that
although this theory was presented as fact, it was never
supported by data. Likewise, the contention that the
DSM and ICD criteria are valid measures of tobacco
addiction is an unproven hypothesis. The validity of
these diagnostic tests was never established prior to, or
since their initial publication 3 decades ago [48,49].
Only over the past 15 years has research focused on
developing an evidence-based description of the clinical
course of tobacco addiction and its diagnosis by study-
ing real smokers. A substantial body of research has
been built through the use of thoroughly validated mea-
sures of tobacco addiction symptoms. The accumulated
evidence comes from studies employing a variety of
complimentary research methods including case his-
tories, focus groups, experimental studies, longitudinal
interview studies, and national surveys. This research
has not been conducted as a coordinated “hooked on
nicotine” program, but by independent researchers scat-
tered around the world using a variety of old and new
measures. The results have not been mixed. All relevant
data indicate that symptoms of addiction develop during
nondaily smoking. All relevant data indicate that indivi-
duals who do not maintain threshold levels of nicotine
in the blood can experience all of the symptoms of nico-
tine withdrawal. All relevant data indicate that the onset
of withdrawal symptoms can be delayed by several days
or more in nondaily smokers. All relevant data indicate
that the duration of relief from withdrawal that smokers
obtain from smoking a cigarette shrinks as tolerance
develops. Based upon this confluence of evidence, the
clinical features and natural history of tobacco addiction
have been established in considerable detail, and in
every aspect, reality contradicts what tobacco research-
ers were taught by their mentors.
For 4 decades the field of tobacco research has
embraced a fictitious description of tobacco addiction
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based on the threshold theory. For 4 decades addiction
theories were built upon this fictitious vision. Now the
vision and theories face the test of reality as data pour
in from dozens of studies involving many tens of thou-
sands of real smokers. The scientific method requires
that hypotheses be rejected when they are contradicted
by the data, but Dar and Frenk argue that the data
should be declared irrelevant when they contradict pop-
ular concepts. To the degree that the DSM and the ICD
cannot be reconciled with clinical data on tobacco
addiction, it is the DSM and ICD that are irrelevant, not
the experiences of smokers in the real world.
Our new detailed knowledge about the clinical course
of tobacco addiction makes it possible to base a diagno-
sis on a clinician’s recognition of its characteristic fea-
tures [81]. But others argue that smokers do not know
what tobacco addiction is, that smokers who say they
are addicted but do not meet DSM criteria are mistaken:
they are not addicted at all. Every year, the symptoms of
each new strain of flu are determined solely by asking
the people who have it. The argument by Dar and Frenk
that, based on general principals of psychological
research, smokers are incapable of telling us what the
symptoms of tobacco addiction are, is preposterous and
in conflict with how the symptoms of every disease have
been established since the dawn of medicine. The need
to argue that smokers cannot serve as a reliable source
of data about their own disease arises because the idea
that the characteristics of tobacco addiction are defined
by nature and recognized by smokers is antithetical to a
30-year-old tradition that holds that tobacco addiction is
whatever the DSM and ICD define it to be based on the
prevailing school of thought.
In other fields of science, hypotheses are discarded as
emerging data reveal that they are misdirected, but for
some inexplicable reason, in the field of tobacco
research, people such as Dar and Frenk dig in their
heels to defend the indefensible. Against a growing
mountain of empirical research, Dar and Frenk base
their arguments on general principles of psychological
research and their own biased concepts of tobacco
addiction, but cite very little empirical smoking research
to support their arguments. In an attempt to undermine
the collective credibility of all researchers who have pro-
duced data that contradict the current wisdom, they
portray independent researchers as being part of an
organized “program.” They then grossly misrepresent
the ideas and claims of researchers to make them look
ridiculous and extreme. They seek to call into question
the validity of an entire body of research based on their
own erroneous interpretation of data from a few out-
liers. Although they label their paper a review, they find
it convenient to ignore the 99% of the published data
that refute their arguments. They accuse fine Canadian
researchers of committing methodological errors and
demonstrating bias in their data analysis when in fact it
is Dar and Frenk who reveal their ignorance of basic
concepts such as susceptibility and the scoring of a stan-
dardized measure. All of this is in an attempt to protect
the current wisdom from the application of the scientific
method.
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